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Summary. Choline acetyltransferase (ChAT), the 
enzyme responsible for the biosynthesis of 
acetylcholine, is presently the most specific marker for 
identifying cholinergic neurons in the central and 
peripheral nervous systems. The present article reviews 
immunohistochemical and in situ hybridization studies 
on the distribution of neurons expressing ChAT in the 
human central nervous system. Neurons with both 
immunoreactivity and in situ hybridization signals of 
ChAT are observed in the basal forebrain (diagonal band 
of Broca and nucleus basalis of Meynert), striatum 
(caudate nucleus, putamen and nuclius accumbens), 
cerebral cortex, mesopontine tegmental nuclei 
(pedunculopontine tegmental nucleus, laterodorsal 
tegmental nucleus and parabigeminal nucleus), cranial 
motor nuclei and spinal motor neurons. The cerebral 
cortex displays regional and lamina1 differences in the 
distribution of neurons with ChAT. The medial seotal 
nucleus and medial habenular nucleus contain 
immunoreactive neurons for ChAT, which are devoid of 
ChAT mRNA signals. This is probably because there is a 
small number of cholinergic neurons with a low level of 
ChAT gene expression in these nuclei of human. 
Possible connections and speculated functions of these 
neurons are briefly summarized. 
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Introduction 
Neurons that synthesize and release acetylcholine for 
neurotransmission are referred to as cholinergic neurons. 
Cholinergic neurons in the mammalian central nervous 
system are thought to play an important role in 
fundamental brain functions, such as learning, memory, 
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arousal, sleep and movement (Butcher and Woolf, 1986; 
Woolf, 1991). Selective loss of cholinergic neurons in 
the basal forebrain has been observed in Alzheimer's 
disease (Perry et al., 1978; Whitehouse et al., 1981). 
Amyotrophic lateral sclerosis and Huntington's disease 
are other neurodegenerative disorders in which 
cholinergic neurons are affected. Choline acetyl- 
transferase (ChAT, acetyl CoA:choline O-acetyl- 
transferase, EC 2.3.1.6), the enzyme responsible for the 
biosynthesis of acetylcholine, is presently the most 
specific indicator for monitoring the functional state of 
cholinergic neurons in the central and peripheral nervous 
systems. This enzyme is also a useful specific marker for 
identifying cholinergic neurons in the nervous system. 
During the past 20 years, several polyclonal and 
monoclonal anti-ChAT antibodies have been developed 
and applied in anatomical analyses of the central 
cholinergic organization in mammalian species. More 
recently, following the successful cDNA cloning for 
ChAT, an in situ hybridization technique has been 
induced to detect ChAT mRNA in neurons for 
identifying authentic cholinergic neurons. The present 
article reviews immunohistochemical and in situ 
hybridization studies on the distribution of neurons 
expressing ChAT in the human central nervous system. 
Localization of neuronal cell body with ChAT 
immunoreactivity and in situ hybridization signals 
Based on immunohistochemical studies of monkey 
and rodent brains, Mesulam (1988) proposed a 
nomenclature to describe ChAT-immonoreactive neurons 
which are aggregated in eight major groups: Chl-Ch8. 
Chl  designates the ChAT-containing neurons associated 
with the medial septal nucleus, Ch2 is associated with 
the vertical nucleus of the diagonal band of Broca, Ch3 
with the horizontal limb nucleus of the diagonal band of 
Broca, Ch4 with the nucleus basalis of the substantia 
innominata, Ch5 with the pedunculopontine nucleus of 
the rostal brain s tem, Ch6 with the laterodorsal 
tegmental nucleus of the rostal brain stem, Ch7 with the 
medial habenula, and Ch8 is associated with those 
neurons in the parabigeminal nucleus. In addition, the 









